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ARTICLE INFO ABSTRACT

Original paper The study aimed to explore the expression and function of VEGFRs in normal epidermis and keratinocytes
of psoriatic lesions. In this study, the expression and role of VEGFRs in keratinocytes were examined using
Article history: examples from psoriatic and healthy individuals. The experiment was completed by immunofluorescence ana-
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lysis, reverse transcription polymerase chain reaction, Western blot, and real-time quantitative RT-PCR after
the skin of nonlesional, adjacent, and lesional skin was excised. Observations indicated that in non-lesional
psoriatic areas and adjacent lesional areas of the skin of psoriasis patients, the fluorescent signals of VEGFR-1

and VEGFR-2 were strongly labelled with keratinocytes, and in psoriatic lesions, keratinocytes were present
Keywords: throughout the entire thickness of the epidermis, with the exception of the stratum corneum. The distribution

of VEGFR-3 in psoriatic nonlesional and adjacent lesional skin was consistent with that in normal epidermis,
Keratinocytes, Normal epidermis,

whereas all layers of the epidermis of psoriatic lesions expressed VEGFR-3. The mRNA expression levels of
Psoriasis, VEGFRs

VEGFR-1,2,3 steadily increased from the normal epidermis to the psoriatic nonlesional, adjacent lesional, and
perilesional areas, with the lesional epidermis' keratinocytes exhibiting the greatest levels of mRNA expres-
sion. Ca ions upregulate VEGFR-1,2,3 mRNA and protein expression in keratinocytes of nonlesional areas
of psoriasis. VEGFRs protein expression and cortical IOD values of psoriatic and normal population cells
showed a positive correlation. Hence, in comparison to normal epidermal keratinocytes, psoriatic lesional
regions' keratinocytes considerably enhanced their expression of VEGFR-1,2,3 mRNA and protein. The ove-

rexpression of VEGFR-1,2.3 in psoriatic lesions may be encouraged by VEGF and Ca p ions.
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Introduction

The expression of VEGFR-1,2,3(V1, V2, V3) mRNA
and protein by keratinocytes in psoriatic lesional regions
was significantly higher than that of normal epidermal
keratinocytes, with clinical features including dermal vas-
cular changes, lymphocytic infiltration, abnormal differen-
tiation and hyperproliferation of epidermal keratinocytes.
Angiogenesis is essential to the growth of psoriasis under
both healthy and pathological circumstances, according
to recent studies. And angiogenesis is the most important
biological process, which is influenced by growth fac-
tors and related intravascular growth factors (VEGF) and
counterpart receptors (VEGFRs). Nrp-2 and neuropilin
(NRP)-1 are the coreceptors for the VEGFRs, which com-
prise VEGFR-1, 2, and 3. VEGFR-1 expression is loca-
lized to vascular endothelial cells and part of nonvascular
endothelial cells, and in early developmental stages, it is
a negative regulator of angiogenesis. But in pathological
conditions, it can promote angiogenesis (1-3). VEGFR-2
expression is mainly located in lymphatic and vascular
endothelial cells, where it can promote cell mitosis and
angiogenesis, as well as being an important mediator of
hyperpermeability effects. V3 activation and lymphan-
giogenesis are tightly linked, with endothelial cells lining

the lymphatic vasculature at the early stages of develop-
ment and staying in the lymphatic endothelium until the
organ matures. The molecular weight of NRP-1, a cell sur-
face glycoprotein that shares 44% of the sequence with
NRP-2, is 130-140 kDa. All NRP-1 is expressed in the
skeletal, cardiovascular, and nervous systems during em-
bryonic development, and in the adult, it can be expressed
in bone marrow stromal cells, osteoblasts, pancreas, kid-
ney, liver, heart, lung, tumor cells, endothelial cells (4-6).
However, there is still no wide recognition of the etiology
and pathogenesis of psoriasis, meanwhile, the association
of epidermal keratinocyte biological behavior and VEGFR
is unprompted, and the study conducted an in-depth analy-
sis to further elucidate the updated mechanism of the pso-
riatic epidermis.

Materials and Methods

General information

The inclusion criteria for those suffering from chronic
plaque-type psoriasis (moderate to severe) from our hospi-
tal's outpatient or inpatient dermatology department can be
attributed to three factors (1) The diagnosis is confirmed
by both pathological examination and clinical findings, (2)
Patients had not used any medication prior to sampling
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The selected areas of the specimens were skin, adjacent
lesional skin, and nonlesional skin. The exclusion criteria
can be attributed to the following three points. (1) A in
the minor Did not sign the informed consent form; (3) No
severe heart, kidney and other diseases. Meanwhile, nor-
mal healthy adult skin from the Department of Orthope-
dics and Dermatology was studied, and the subcutaneous
adipose tissue was cut and divided into two parts, which
were placed in liquid nitrogen and % disease.

Research methods
Immunofluorometric assay

In flasks (25 cm? culture), normal epidermal keratino-
cytes, psoriatic nonlesional, and lesional epidermal kera-
tinocytes neighboring were seeded. The coverslips were
then passed through an incubation process and treated
with 50% h2s04 overnight at 37 °C in 5% CO2. All four
samples were cut to a thickness of 4 um by a Leica cm
1850 freezing microtome and transferred to coverslips.
Using a solution containing sodium citrate (10 mm), cells
were heated (20 minutes at 95°C) after being fixed with
3.4% paraformaldehyde for 20 min at room temperature.
The washing was completed again by utilizing phosphate
buffer solution in the same way, and at room temperature,
the membrane was penetrated by 0.1% triton-100 in phos-
phate buffer for 15 min. Then they were blocked using 10%
rabbit serum for 1 h at room temperature, and 20 UG/ml
VEGFR-1,2,3 were added dropwise to different coverslips
and washed again using the same method. A fluorescein
isothiocyanate labeled Rabbit anti-mouse secondary anti-
body (1:40) was incubated in the dark (room temperature
for 2h). And then conduct another wash done with the
same method, counterstained with propidium iodide (PI)
in the dark for 20 min, and observed and photographed
under a fluorescence microscope to record the cumulative
optical density value (integrated optical density, [OD).

RT-PCR

Reverse transcription polymerase chain reaction (RT-
PCR) involves primer design and synthesis, extraction of
non-deoxyribonucleic acid (RNA), reverse transcription,
PCR reaction, electrophoresis, and sequencing. Experi-
ments primers were designed by deoxyribonucleic acid
(DNA) star software and Table 1 refers to PCR primer
sequences.

20 1 reverse transcription system reverse transcribed
2ug of extracted total RNA into cDNA (Invitrogen), 20u
RNase inhibitor, 200u reverse transcriptase at 42°C for
60min and then stored at - 20°C after heat inactivation of
reverse transcriptase at 95°C for 10min. The PCR reaction
system was 25u L and consisted of 10pmol of each pair of
up - and downstream primers, 200mmol/LD ribonucleo-
tide triphosphate mix, 2.5mmol/lmgck2, ph8.3 10mmol/L
Tris HCI, 50mmol/lkel, 2utaq enzyme, 1p 1 cDNA, die-
thylpyrocarbonate water to make up to 25u L. The reac-
tion program was as follows: 1 cycle at 96°C tempera-
ture for 3 min. A total of 35 cycles were run for 1 min at
72°C, 1 min at 57°C, and 1 min at 96°C. Negative controls
were reverse transcribed samples without reverse trans-
criptase to avoid amplification of contaminating genomic
DNA. The gene expression internal reference was glyce-
raldehyde-3-phosphate dehydrogenase (GAPDH) with
an annealing temperature of 55°C. The reaction products
were electrophoresed in a 1.5% agarose gel containing a

certain amount of ethidium bromide, the recording instru-
ment was a gel imager, and the sequencing of the products
was all done by Shanghai SANGON company.

Quantitative real-time RT-PCR

Real-time PCR was used in the experiments to quanti-
tatively evaluate the levels of gene expression, including
reaction system, standard curve, reaction conditions, and
data acquisition and calculation. The standard curve refers
to dividing the sample cDNA according to x4, x16, x64,
x256-fold specific dilution, and then the crossing point
(CP) CP value was obtained to plot the standard curve.
Two replicate reactions were set up for all reactions, while
a blank control without a template was set up for each reac-
tion. The CP value of the target gene and GAPDH Gene,
and the CP value of the diluted template were entered in
Qbase version 1.3.5 software, according to the instruc-
tions to obtain the relative internal control gene GAPDH
expression level of the target gene.

Western blot assay

Western blot assays include the preparation of protein
samples, determination of protein content, electrophore-
sis, membrane rotation, immunoreaction, and develop-
ment operations. Each flask of cells should have 3 ml of
4°C precooled phosphate buffer solution added to it. Cells
should then be gently rocked for 1 minute while being
washed, and the wash should then be discarded. Repeat the
process twice more for a total of three washes to clear the
broth. Add 300u 1 of ice-cold lysis solution and proceed
to lysis for 30min, scrape the cells by scraping the side of
the culture solution. The lysate and cell debris were next
moved to a 1.5 ml centrifuge tube, which was operated by
centrifugation at 12000 rpm for 10 min in a 4 °C environ-
ment. Then 20 p 1 of the centrifuged supernatant was taken
for protein quantification, and the rest was transferred to a
0.5ml centrifuge tube and an equal amount of 2 x loading
buffer, boiled for 5-10 min and put in -80°C storage tem-
perature. After the quantification was completed by bicin-
choninic acid (BCA) protein assay Kkit, the cells were boiled
in a dry bath pot at 100°C for 10 min and placed at - 20 °C
for further use. Studies used sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis with electrophoresis run in
accordance with the configured sample size. The sample
protein of each well on the glue was reducing agent buffer
+ sample buffer + target protein + secondary distilled wa-
ter for a total of 30 UG / UL, which was placed in a 75°C
constant temperature water bath and heated for 10 min.
Place on ice to be loaded after vortexing for 10s, remove
12 well bis tris nupage gel in a 4°C cold room and sub-
sequently add protein samples to wells on BIS tris nupage
gel. The voltage intensity was set to 170V and the time was
70 min for electrophoresis. Transmembrane solution 20ml
nupage buffer + 20ml methanol + 360ml secondary distil-
led water. The polyvinylidene difluoride membrane was
activated by methanol immersion for 10 s, and after the
completion of electrophoresis, the BIS tris nupage gel was
carefully removed and attached with the polyvinylidene
difluoride membrane, and the two ends were wrapped into
sponges and filter paper and stuck into the transmembrane
cassette. Throughout the primary and secondary antibody
incubation stages, great attention is paid to ensuring that
the incubation period for the secondary antibody is not
excessively long. Image analysis software Image Lab was
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used to process the images.

VEGFRs and VEGF expression

In these experiments, the impact of VEGF on the inter-
pretation of VEGFRs in keratinocytes isolated from nonle-
sional areas of psoriasis was examined using 10 ng/ml
VEGF165 as an example, and the effect of VEGF on the
expression of VEGFRs was examined using bevacizumab,
a specific neutralizing monoclonal antibody to VEGF.
Confluent psoriatic nonlesional region keratinocytes were
treated with 0, 0.5, 1.0, 2.0, and 3.0 mm CaCl, in specified
keratinocyte serum-free media in a 5% CO2 environment
(37°C, 24 hours) to extract total RNA and protein. RNA
was reverse transcribed to cDNA and proteins were sepa-
rated by electrophoresis.

Statistical methods

The mean and standard deviation of the measurements,
which had a normal distribution, were used to compare
two groups and one-way ANOVA was used to compare se-
veral groups. The method of analysis of variance between
groups was a non-parametric test Z if they did not fol-
low a normal distribution, in which case they were sta-
ted using quartiles. The Kruskal-Wallis test was used to
compare data between groups. Count data were expressed
as columns or percentages, and the test was the y’ test.
Bivariate normally distributed data were analysed using
Pearson correlation coefficient analysis and non-normally
distributed data were analysed using Spearman correlation
coefficient analysis. Data comparisons were considered
statistically significant when p<0.05.

Results

Immunofluorescence localization analysis

The results of immunofluorescence localization of
VEGFRs on psoriatic keratinocytes and normal skin kera-
tinocytes are shown in Figure 1. Green fluorescence refers
to VEGFRs expression and red fluorescence refers to PI
counterstaining nucleus. The psoriatic lesional epidermis
is hyperkeratotic and parakeratotic with hypertrophy of
the stratum spinosum, elongation of the epidermal pro-
cesses, and prominent angiogenesis and vascularization.
The epidermal thickness of the neighboring psoriatic le-
sion region was noticeably thinner compared to the pso-
riatic lesion area. However, the epidermis of nonlesional
arecas was further thinned, which was almost the same
thickness as that of a normal human epidermis, and only
a few fine capillaries were found in the papillary layer of
normal human dermis. Keratinocyte VEGFRs in normal
epidermis and nonlesional areas of psoriasis are predomi-
nantly membranous in distribution, whereas keratinocyte
VEGFRs in adjacent nonlesional and perilesional areas of
psoriasis are found on the cell membrane and cytoplasmic
membrane.

RT-PCR detection of VEGFRs expression

The expression profiles of VEGFRs detected by RT-
PCR are shown in Figure 2. The amplified cDNA of nrp-2,
vegf-3, NRP-1, and VEGFR-1,2 from normal epidermis
and psoriatic lesion cells was 655 BP, 614 BP, 346 BP, 441
BP, and 436 BP, respectively, the sequence of which was
identical to that given in GenBank, while there were no
bands in the negative set.

Results of RNART-PCR for VEGFRs in vitro

Figure 3 (a) refers to the Western blot detection results
of VEGFRs. The mRNA of VEGFRs in psoriatic patients
showed various degrees of expression, however, the ex-
pression levels increased gradually from the normal epi-
dermis to psoriatic nonlesional, adjacent lesional, and
perilesional areas, and the highest expression level was
observed in keratinocytes of the lesional epidermis. Figure
3 (b) refers to the scatter plot of band density ratios of
VEGFRs to GAPDH. The mRNA expression of VEGFRs
in keratinocytes of the psoriatic lesion area was dissimilar
from that of cells in some other groups (P 0.001).

Figure 4 refers to the four cellular VEGF mRNA ex-
pression levels in real-time fluorescence relative to quan-
titative PCR results. Relative to normal epidermal kerati-
nocytes, the level of expression in psoriatic keratinocytes
was statistically significant (P<0.001).

Results of mMRNART-PCR of VEGFRs cultured in vivo
Figure 5 (a) refers to the Western blot detection results

Normal Non-damage Adjacent skin
epidermis arca lesion arca

o ----
o ---

Figure 1. Immunofluorescence localization results (Ruler:50um).
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Figure 2. Detection of VEGFRs expression by RT-PCR.
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Figure 4. Real-time fluorescence relative quantitative PCR results.

of VEGFRs. The mRNA of VEGFRSs in psoriasis patients
all showed different degrees. Figure 5 (b) refers to the scat-
ter plot of band density ratios of VEGFRs to GAPDH. The
mRNA expression of VEGFRs in keratinocytes of the pso-
riatic lesion area was significantly different from that of
cells in other groups (P<0.001).

Effect of Ca ions on VEGF in keratinocytes of nonlesio-
nal areas of psoriasis

Figure 6 (a) refers to the scatter plot of VEGF to
GAPDH mRNART PCR band density ratios. As with
mRNA expression, CA significantly promoted VEGF121
(34 KD), vegp165 (38 kD) and vegf189 (40 KD), but also
had the highest effect at 1.0mm, after which the protein
expression level was reduced in response to increasing Ca
<sup > 2 + </ sup > concentrations. Figure 6 (b) refers to
the scatter plot of VEGF to GAPDH protein band density
ratios. The promoting effect of Ca ion on VEGF165 pro-
tein expression was more obvious than that on VEGF121
and vegf189.

Figure 7 refers to the case of VEGFRs protein expres-
sion after Ca ion stimulation. Like the trend of expression
levels of mRNA, VEGFR-1,3 protein expression levels
reached the highest under the action of 1.0 MMCA ion.
Whereas at 0.5 mm CA action, VEGFR-2 reached the peak
and remained there at 1.0 MMCA action, after which it
gradually returned to the baseline level with the increase
of Ca ion concentration.
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(b)RT-PCR quantitative detection results

Figure 5. mRNA RT-PCR results of VEGFRs cultured in vivo.

Correlation between VEGFRs protein expression and
10D

To further confirm the relationship between the 10D of
psoriasis and VEGFRs' protein expression, figures 8 (a), 8
(b), and 8 (c) refer to the correlation. The findings of the
correlation analysis revealed that the correlations of VEG-
FR-1,2,3 in nonlesional areas of psoriasis were, respecti-
vely, 0.546, 0.587, and 0.567 (P 0.05). The correlations
were 0.612, 0.632, and 0.625, respectively, in the adjacent
lesional area and the three receptors for VEGFRs, and all
were significant (P<0.05). The correlations between lesio-
nal areas and the three VEGFRs receptors were 0.524,
0.562, and 0.578, respectively (P<0.05).

Figure 9 refers to the correlation between VEGFRs pro-
tein expression and normal epidermal IOD. The correla-
tions were 0.521, 0.535, and 0.534, respectively (P<0.05).

Discussion

The incidence of psoriasis is 1% - 3% in European and
American populations, whereas, in our 1984 sampling sur-
vey, the prevalence of psoriasis was found to be 0.123%,
of which, the incidence in the northern region was higher
than that in the southern region. Psoriasis is inherited,
most dominantly, as a lifelong disease characterized by
chronic recurrent exacerbations alternating with exacer-
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Figure 6. Effect of Ca(2+) on VEGF of keratinocytes in non-lesion
area of psoriasis.
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Figure 7. Expression of VEGFRSs protein after Ca ion stimulation.
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bations and remissions. The underlying psoriatic patients
are numerous and only certain environmental factors can
initiate the disease. Environmental factors influence the
course and severity of the disease, which can vary consi-
derably in extent and severity. There has been an ongoing
debate surrounding whether the pathogenesis of psoriasis
is caused by a primary epidermal keratinocyte abnormality
or an immune system disorder. Alteration of T cell func-
tion is typically thought of as a potential etiological factor
causing psoriasis, even though these two hypotheses are
not mutually exclusive. Yet, it cannot be denied that kerati-
nocytes also possess an important function in the onset and
course of psoriasis (7,8). In normal healthy adult, epider-
mis VEGFR-1,2 are mainly located in the stratum basale
as well as the acanthocyte layer adjacent to the basal layer,
and in the stratum granulosum as well as the acanthocyte
layer adjacent to the stratum granulosum, keratinocytes
express little egfr-1 and V2. However, in non-lesional pso-
riatic areas and adjacent lesional areas, the fluorescent si-
gnal of VEGFR-1,2 strongly labeled keratinocytes throu-
ghout all the skin's layers besides the stratum corneum,
as well as keratinocytes in the epidermal full thickness of
psoriatic skin, including cells with parakeratosis of the
stratum corneum.

In the skin of patients with psoriasis, fluorescent signals
for VEGFR-1,2 are strongly observed on keratinocytes in
all layers except nonlesional and adjacent lesional skin of
psoriasis and full-thickness epidermal keratinocytes of the
lesional area of psoriasis (9-11). The results showed that
the distribution of V3 in psoriatic nonlesional and adjacent
skin lesions was consistent with normal epidermal distri-
bution, whereas all epidermal layers of psoriatic lesions
expressed V3. Studies have shown that simultaneous acti-
vation of skin T cells and keratinocyte activator of trans-
cription 3 (STAT3) and a signal transducer is required for
the formation of desquamation-induced psoriatic lesions
in transgenic mice. The immune system and activated ke-
ratinocytes are connected through STAT3. Cells, both of
which are interdependent are involved in the pathogene-
sis of psoriasis (12-14). Uninjured normal skin has a thin
epidermis, keratinocytes differentiate into keratinocytes,
and keratinocytes become black. And in the papillary
layer of the healthy skin dermis, only tiny capillaries are
visible. and lymphocyte infiltration is less. Dendritic cells
in noninjured areas were also activated by oligonucleotide
array analysis. Certain abnormalities also occur in nonle-
sional skin vessels, with elevated endothelial venules, re-
duced capillary resistance and reduced endothelial factor
expression (15-17). The nonlesional epidermis of psoriasis
patients compared with normal epidermis f The number
of 1-integrin-expressing cells decreased, P I-integrin-
expressing cells were attenuated in intensity and mostly
transiently proliferating. Psoriatic keratinocytes are a
major source of proangiogenic factors, including TNF- a,
IL-8, transforming growth factor o, Endothelial cells sti-
mulate angiogenic factors, thymidine phosphorylase (TP)
and VEGF. Long-term transgenesis of VEGF in the skin
results in a complex inflammatory state with cellular and
molecular features of human psoriasis, such as hyperpla-
sia and dermal vasculitis, epidermal thickening, abnormal
keratinocyte differentiation, and typical inflammatory cell
infiltration. For a long time, it was believed that psoria-
tic redness is due to cutaneous vasodilation, with vascular
changes occurring early in psoriasis and increased VEGF
levels in lesional skin (18-20). Psoriatic skin vessels are
highly abnormal and exhibit increased permeability, lea-
ding to features of swollen psoriatic lesions, while expres-
sing markers of vascular inflammation, such as E-selec-
tin, vascular cell adhesion molecule 1, and intercellular
adhesion molecule 1. The finding that VEGF-mediated
activation of the vascular endothelium plays a central role
in the pathogenesis of psoriasis further suggests that the
genetic makeup of individual vessels determines suscepti-
bility to this disease. It is important to note, however, that
the number of individuals studied is relatively small, and
cohort studies with a large number of patients are needed
to confirm and further elucidate the genetic makeup of the
vasculature in psoriasis.

The mRNA levels of VEGFR-1,2,3 increased gradual-
ly, and the mRNA levels of VEGFR in keratinocytes of
the epidermis of lesional areas increased gradually. The
distribution of V3 distribution between normal and pso-
riatic epidermis is not significantly different, unlike V1
and V2. V3 is mainly expressed in the lymphatic endothe-
lium in the tissues of adults. Lymphatic endothelium cells
undergo apoptosis when V3 signaling is inhibited by so-
luble VEGFR-3 protein, which also causes lymphatic ves-
sel development to regress. Inhibiting V3 signaling also
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greatly reduces corneal dendritic cell trafficking to drai-
ning lymph nodes and avoids delayed hypersensitivity and
corneal graft rejection, indicating a potential function for
V3 in adaptive immunity (21-23). In certain tumors, such
as melanoma and breast cancer, VEGFR-3 is activated and
its expression is increased. V3 inhibitor could significant-
ly inhibit lymphangiogenesis and lymph node metastasis.
V3 is abundantly distributed in vascular endothelial cells
throughout the early phases of embryonic growth. Large
arteries with luminal abnormalities develop when the V3
gene is disrupted. After organogenesis, V3 is mainly res-
tricted to lymphatic endothelial cells (24-26). Inactivation
of V3 by monoclonal antibodies inhibits angiogenesis and
tumor tissue growth, so V3 may be necessary for main-
taining endothelial cell integrity during angiogenesis. V3
can also maintain vascular integrity by regulating the V2
signaling pathway. More research is, therefore, necessary
to determine the importance of VEGFR-3 expression wit-
hin the epidermis, as well as its correlation to the biologi-
cal activity of epidermal keratinocytes.

Ca ions enhanced VEGFR-1,2,3 mRNA and protein
expression in keratinocytes of nonlesional areas of pso-
riasis. The protein expression of VEGFRs was positively
correlated with the IOD value in the psoriatic cortex and
normal subjects. Studies conducted in vitro have demons-
trated that calcium ions have a role in mediating epidermal
keratinocyte growth. An increase in free Ca ions following
an increase in extracellular Ca ions may be one of the prere-
quisites for keratinocyte differentiation. Calmodulin levels
are 2-3 times higher in psoriatic plaque areas than in nor-
mal skin, and they are also significantly higher in psoriatic
skin nearby affected areas (27-30). In addition, Ca ions are
involved in mediating the expression of VEGF. Vegfi2 and
VEGF165 expression increased during the differentiation
of retinal pigment epithelial cells induced by calcium ions.
VEGF expression is inhibited by the Ca channel antago-
nist benidipine, and epidermal keratinocytes are the main
source cells of VEGF. Thus, in non-lesional psoriasis cells,
the effects of Ca ions on VEGF isoform expression and
the effects of Ca and VEGF165 on VEGFR expression
were experimentally studied. To investigate the potential
factors contributing to the high expression of VEGFRs in
psoriasis. The serum level of VEGF was significantly in-
creased in severe psoriasis patients, and the level of VEGF
was directly correlated with disease activity. However,
the exact mechanism by which Ca ions and VEGF pro-
mote VEGFRs expression was not discovered during the
experiment. The survival of psoriatic keratinocytes may
be significantly influenced by the autocrine loop. Bevaci-
zumab modestly or significantly reduced VEGF-induced
upregulation of VEGFR in nonlesional psoriatic keratino-
cytes, but bevacizumab did not prevent CA-induced upre-
gulation of VEGFR expression. Based on these results, the
experiments allowed the following two conclusions: Inde-
pendent of VEGF, CA increased the expression of VEG-
FRs. Moreover, the amount of VEGF produced by Ca was
insufficient to control the expression of VEGFRs.

In vivo and in vitro investigations have revealed upre-
gulation of VEGFR-1,2,3 in keratinocytes of the psoria-
tic epidermis. Experiments have also demonstrated that
exogenous VEGF1ss and Ca ions can enhance VEGFRs
expression in keratinocytes of non-lesional skin of pso-
riasis. Although Ca ions also increased the expression of
the VEGF isoforms VEGF121, VEGF189, and particular-

ly VEGF165 at the mRNA and protein levels, inhibiting
VEGEF activity with a VEGF-specific neutralizing antibo-
dy did not prevent Ca ions from inducing an increase in
the levels of the VEGFR proteins. Ca ions may so directly
encourage the development of VEGFRs without the invol-
vement of VEGF. The follow-up studies about VEGF /
VEGFRs need to be continued, which will provide more
valuable clues and thus provide new molecular targets for
psoriasis treatment, and monoclonal antibodies against
VEGFRs will be one of the important targets for psoriasis
treatment in the future.
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